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Table 1. SUMMARY OF EXPERIMENTAL DATA

Duration Run
e of run oL No.

Cell cn® min, grams T
Platinum 0.024,8 6855 0.0093 1235 Lo
L 0.0248 12890 0.0175 1236 L2
Silica 02,0287 9967 0.0134 1233 47
i 0.0287 6825 0.0121 1245 5l
Armco 0.0329 5760 0.0099 1236 52
Lt 0.0329 5535 0.0093 1237 53
Zircon 0.0315 9586 0.0146 1235 103
" i 9550 0.2146 1235 104
" it 6955 0.0077 1224 105
" 1 6935 0.0118 1245 106
" n 6720 0.0155 1255 108
" " 6999 0.0092 1232 109




Table II. CELL DATA
Cell W £ K
Armco Iron 0.453 0.0196 0.976
Platinum 0.581 0.0100 0.993
Zircon 0.552 0.0121 0.989
Silica 0.526 0.0144 0.987
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Table I1I, CALCULATED S, PRESSURE
P

Run 32

No. atm107  1/Tx10b
40 0.899 8.097
42 0.900 8.091
52 0.838 8.091
53 0.861 8.084
% 0.771 8.110
55, 1.02 8.032

103 0.801 8.097

104, 0.795 8.097

10, 0.596 8.170

106 0.900 8,032

108 1.21 7.968

109 0. 686 8.117
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Figure I. Bxperimental values for log Fg , calculated

fron the Knudscen Cell experimentals reported
here on the assumption that only 3‘2 is .
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SULFUR PRESSURE MEASUREMENTS OF IRON SULFIDE
IN BQUILIBRIUM WITH IRON

by
#
C. Law McCabe

Abstract

Sulfur pressure measurements above iron sulfide in
equilibrium with iron have been carried out by the Knudson
Orifice Method. From a comparison of the weisht loss of the
cell per unit time obtained in the abéve experiments and that
calculated from Richardson and Alcock's measurements of the Sy
pressure above iron sulfide in equilibrium with iron and the
dissociation constant for diatomic sulfur from spectroscopic
and thermal data, it is concluded that the energy of dissociation

of S, is not 102.6 kcal. as suggested by Gaydon.

* Junior Member AIME and Assistant Professor, Department of
Metallurgy, Carnegie Institute of Technology.
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SULFUR PREGSURE MUASUREMENTS OF IROM SULFIDE
IN EGUILIBRIUN WITH IRON

by

C. Law McCabe

Introduction
Extensive equilibrium measurements have been made in the determination
of sulfur potentials of a great many systems of metallurgical interest.(l)
In order to confirm thelr reliability, to supply data which could be of
use in further thermodynamic calculations, and to establish the reliability
of the Knudsen Jrifice in obtaining accurate thermodynamic values at high
temperatures, the present investigation on the pressure of the gaseous

species above iron sulfide in equilibidium with iron has been carried out.

The Knudsen Orifice Method has been used for these pressure measurements.

Experimental

The apparatus and general technique for this investigation are the
same as that reported for the determination of the vapor pressure of

silver in this laboratory.(z)

To reduce the residual gas pressure in the
evacuated chamber, a titanium getter, mz2intained at run temperature, was
introduced. Several types of Knudsen Cells were used~-- platinum, Armco
iron, zircon, and fused silica. The orifice in the zircon cell was
fashioned with a small diamond wheel,

The same precautions were used in this investigation as those which
were employed in the work in this laboratory on molyﬁdenum sesquisulfide.(3)
The weight loss per minute of the Armco cell alone was measured and used

to calculate the weight loss of “he Fe-FeS mixture when it was in this




cell.

The iron sulfide-iron mixture was vrepared by heating a sample of

pure FeSz, kindly supplied by K. K. Kelley of the Bureau of Mines, with
excess iron powder, C. P. grade, obtained from the Fisher Scientific
Company. These two substances were heated in a closed Armco iron crucible
at 960°C held in a vacuum of less than 107° m Hg. for twenty-four hours,
The mass was then removed from the cell and ground in an agate mortar.
In this form it was charged to the varicus Knudsen cells. 1t was found
that hecating the Knudsen cell for an additional 2 days was sufficient to
obtain constant rates of welsht loss of the cell. ’The data obtained in
this investigation is recorded in Table 1.

To establish whether or not a sulfide of iron is velatile at these
temperatures, 0.7046 grams of the iron sulfide-iron mixture, which was
described above and contained 69.2% Fe, was placed in the zircon Knudsen
cell and runs 103-109 were performed on it. After the completion of
these runs, the total amount of iron left in the cell was obtalned by
chemical analysis. It contained 0.537 grams of Fe, compared to 0.529
grams in the originzl charge. Thus there was an apparent gain in iron of
1.5%. e attribute this to unknown experimental error and conclude that

PR P

no sulfide of iron is volatile. The vapor pressure o{ pure iron
about one thousandth that of the sulfur pressure(l) at these temperatures.
The vapor pressure of iron inside the Knudsen}Cell wlll be almost exactly
that of pure iron, since in the iron rich phase the percentage of sulfur
is of the order of 0.025%(5). it this low percentage of sulfur Henry's
law is probably obeyed by the sulfur and thus the iron will obey Raoult's

law. In any event, the vapor pressure of iron will be lower than that




3=
of pure iron and since the vapor pressure of pure iron is nepgligible
conparad to the pressure of sulfur, the weisht loss of the cell due to
the vaporization of iron can be neglected. Thus since neither iron nor
iron sulfide is volatile to an appreciable extent, we conclude that the

total weight loss of the cell is due to the vaporization of sulfur.

Disucssion and Calculations

Cn the assumption that S, is the only pgaseous specius present in
appreciable quantity, its pressure can be calculated from the data in
Table I usins the ordinary Knudsen formula(z). The calculated values
are given in Table 1II and the values are sravhed in Figure I. Also, in
Fipure 1 the pressure of 52, calculated from the gas eguilibria data of
iichardson and Alcock(l), is shown. It is obvious, if one assumes both
sets of data are accurate, that some other species is present in the gas
phase and is effusing, .e feel the data are sufficiently accurate to
assume that this discrepancy is due to the presence ol monatomic sulfur.
Data for the standard free energy of dissociation of diatomic sulfur
roing to monatomic sulfur have becn complied by Richardson and Jeffes . a
. K. Kelley(é) also has done extensive calculations on the standard free
energy for this reacvion from the spectroscopic energy of dissociation
and thermal data, tHis calculations have been assumed correct and further
calculations have been made to obtain the standard free energy of dissoci-
ation of Sp using the other nossible spectroscopic values.

A small correction to the pressure calculated by the simple hnudsen
formula is necessary to correct for the fact that not all of the molecules

vaporizing from the surface of the material whose pressure one is measuring

hits Lu= top of the cell. The corrections for this can be found in papers




Al
by C. 1. dhitman(7)and 23 Clausing(8)° Table II gives the values nueded
for this correction. The nomenclature is that of ﬁhitman(7). WB =1,
since thz orifice edze wus sharp. No attempt was made to supoly the cor-
rection for the accomodation coeflicient not being equal to one. There
iz no available data on this quantity for this srstem and anyway the cor-~
rection would be small for reasorable values of a,

Using the Enudsen Formula as modifled by Ahitnan(7)and the assumption

that 52 and S effuse independently and without interaction, the followins

formula is casily derived.

1/2
= & P M. + PN / (1)
1 ‘o2 9 :)2 So

&) (r)

The symbols are identified as follows: Kl is the dissociation

constant for diatomic sulfur going to monatomic sulfur; K has the same
definiticn as that given by Hhitman(7); P is the pressure o~ the spoacies
in gquestion in atmospheres; A 1s 2658 times the orifice area in squzre co.
tim2g the duration of the ru: in minutes divided by T; M .s the molcculecr
welght of the particle under consideration; and W.I, is the welmht loss
of tho ccll during the run.

The results of the above caleulations are showm in Figure 2. Curves
L, i, 4, and 9 showr (J.L.)/(&)(A) calculated from (1) using the various
enicrgies of dissociation of 52 from gpectroscopic data and for curve L
I'rom gas density measuremcnts by von wartenburg and by Nernst(l).

Algso, in Figure 2 are tabulated these same values oblained in the
experiments reported here. It is seen thut these data fall between the

values of (W.L.)/(K)(A) from the two lowest values for the spectroscopic

encrgy of dissociation. Taking the experimental points of (iW.L.)/(K)(4)
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for the four cells at 1/T = 8.091x10™>

s the value for the energy of dis-

soclation of S, at 0%K for the average of the four values is 79 kcal.

This is closest to the value A\Eg = 76 kcal. Thus, one can conclude

that these data favor the lowest spactroscopic value. Although the

precision of the Knudsen data reported here is not sufficient to be sure

of this conclusion, we can say with reasonable certainty that the value
{

selected by Gaydon\g) from the spectroscopic data is not the correct onec.

Further support for this last conclusion is shown by the fact that

(1

selected, thg = 73 kcal using von Wartenburg's

itichardson and Jeffes
and Nernst's gus density measurenents. Additional experimental work nceds
to be done using a sulfide with a sulfur potential amenable to Knudsen
Orifice measurements at higher temperatures, where the contribution of the
monatomic sulfur will be rmch larger than that due to diatomic sulfur.

Then a better estimate of £>Eg can be made by comparing these data with

thermal or equilibria data.
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